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ABSTRACT 

The solar system contains solids of all sizes, ranging from km-size bodies to nano-sized particles. 
Nanograins have been detected in situ in the Earth’s atmosphere, near cometary and giant planet 
environments, and more recently in the solar wind at 1 AU. These latter nano grains are thought 
to be formed in the inner solar system dust cloud, mainly through collisional break-up of larger 
grains and are then picked-up and accelerated by the magnetized solar wind because of their large 
charge-to-mass ratio. In the present paper, we analyze the low frequency bursty noise identified in 
the Cassini radio and plasma wave data during the spacecraft cruise phase inside Jupiter’s orbit. The 
magnitude, spectral shape and waveform of this broadband noise is consistent with the signature of 
nano particles impinging at nearby the solar wind speed on the spacecraft surface. Nanoparticles were 
observed whenever the radio instrument was turned on and able to detect them, at different heliocentric 
distances between Earth and Jupiter, suggesting their ubiquitous presence in the heliosphere. We 
analyzed the radial dependence of the nano dust flux with heliospheric distance and found that it is 
consistent with the dynamics of nano dust originating from the inner heliosphere and picked-up by 
the solar wind. The contribution of the nano dust produced in asteroid belt appears to be negligible 
compared to the trapping region in the inner heliosphere. In contrast, further out, nano dust are 
mainly produced by the volcanism of active moons such as lo and Enceladus. 

Subject headings: Sun: heliosphere, nano dust, solar wind, wave detectors 


1. INTRODUCTION 

The interplanetary space contains dust particles over 
a large range of sizes. They are released through the ac¬ 
tivity of comets and moons and fragmentation and im¬ 
pacts of asteroids. Until recently the smaller particles 
detected in the interplanetary dust cloud were several 
tens nanometers across. Smaller nanograins have been 
remotely identified in the interstellar medium a long time 
ago through different mechanisms such as far UV extinc¬ 
tion, optical luminescence, and infrared emission. Such 
remote detection is however not as effective for solar sys- 
tem nano dust ma inly because of the weak optical depth 
(|Li fc MannI 1201211 ■ so that in situ detection provides a 
better opportunity. Such grains have peculiar properties 
due to their very small size. In particular, their large 
surface to-volume ratio favors the surface exchange re¬ 
actions with their environment, and their large charge- 
to-mass ratio allows them to be easily accelerated in 
large-scale electric fields that occur in planetary magne- 
tospheres (iBurns et al.l 1200111 and/or close to the moons 
(|Earrell et al.ll2012[ l. But they can also be accelerated by 
the magnetized so lar wind, though on longer time scales 
(jMann et al.ll2007t l by a process that is akin t o the pick¬ 
up of freshly produced ions in the solar wind l)Luhmannl 
1200311 . These nano dust particles are the n expelled from 
the inner heliosphere to large distances l)Hamilton et al.l 
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119901 ICzechowski fc Mannll20inl l. 

Nano grains have bee n so far detected in sit u in 
cometary environments (lUtterback fc Kissell I199CII1. i n 
the solar wind at 1 AU bv iMever-Vernet et al.l (l2009b[l : 
iSchiopers et al.l (|20l4l . and in the env ironments of gi- 
ant planets such at Jupiter and Saturn (jHsu et al.ll2012L 
and references therein). The presence of a reservoir of 
na nograins at 0.2 AU has been theoretically predicted 
bv iMann et al.l (|2007f) and is suspected to be the main 
source of nanodust in the inner heliosphere. Indeed, dust 
is generated by mutual collisions in the solar system dust 
cloud and production rate is expected to increase towards 
the Sun where increasing number density and relative ve¬ 
locities lead to a maximum in the production of the dust 
fragments. In the very close vicinity of the Sun, the inter¬ 
play of gravity and electromagnetic forces leads to a trap¬ 
ping of the dust and this occurs under certain condit ions 
at approximately 0.2 AU (jCzechowski fc Mannll201till . In 
the outer heliosphere, the nano dus t sources so-far identi- 
fied are the gia nt planet moons lo (|Maravilla et al.l[l995f) 
and Enceladus (|Spahn et al.ll2006ll which are geologically 
active and release dust through volcanism and cryovol- 
canism respectively. 

Besides dust analyzers which are d esigned to mea¬ 
sure in situ the micron sized grains (jAueil [200 Ih . ra¬ 
dio wa ve instrumen ts have the ability to detect dust 
grains (|Oberd 1199611 . This technique is used in the 
present paper. It is based on the principle that the 
high-speed impacts of grains on the spacecraft induce 
electric pulses that are re c orded by the wave receivers 
(jMever-Vernet et ^120151 1. IMever-Vernet et HI (j2009bf l 
reported the first nano dust detection at I AU with the 
radio instrument on STEREO (Solar Terrestrial Rela¬ 
tions Observatory). This detection was made possible 
by the high-speed of these particles which move at nearly 
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the solar wind speed d ue to their high ch arge-to-mass ra¬ 
tio (iMann et alJ[20141) . More recently, iSchiooers et alJ 
(|2014f) confirmed this discovery using the radio mea¬ 
surements of the Cassini mission when it flew close to 
Earth orbit in August 1999. The radio and plasma wave 
instrument (RPWS) onboard Cassini was episodically 
turned on during its cruise phase and recorded signa¬ 
tures similar to those observed by this instrument when 
Cassini encountered high-s peed nano dust near Jupiter 
(|Mever-Vernet et'mi2r)09iih . 

The aim of the present paper is to analyze these signa¬ 
tures and understand the origin of the dust. In section 
2 we recall the method of nanodust detection with radio 
wave instrumentation. In section 3, we apply the method 
to identify the dust and estimate the flux with radio wave 
data onboard Cassini. The results are discussed in sec¬ 
tion 4. 

2. IN SITU DUST DETECTION WITH A RADIO 
RECEIVER 

2.1. Basics of dust detection with wave measurements 

Radio and plasma wave instruments have been tradi¬ 
tionally used to measure electromagnetic radiations and 
also to monitor electron bulk properties such as den¬ 
sity and temperature through the analysis of electro¬ 
static fluctuations induced by the charged particle ther¬ 
mal motion a round the antennas (i.e. thermal-noise 
spectroscopy) (lMever-Vernetl[T9^ . Although radio and 
plasma wave receivers are not designed for dust measure¬ 
ments, these have the capability of revealing the presence 
of micro and nano dust (within some conditions). Indeed, 
electric antennas are sensitive to dust because the high 
speed impact of a dust grain on the spacecraft surface 
generates a plasma cloud whose expa nsion creates charge 
decoupling (iDranatz fc Mich^ll974H . This method is 
complementary to conventional impact ionization dust 
detectors, which provide more information per impact 
but are limited to the small size of the detectors. In the 
solar wind, the spacecraft is positively charged because 
of photoelectron emission so that the electrons from the 
expanding cloud are recollected by the target whereas 
the expanding ions induce a potential o n the spacecraft 
and antennas (|Mever-Vernet et al.ll20l4 l. This holds un¬ 
til the density of the cloud reaches the density of the 
ambient plasma, so that the characteristic time of this 
process satisfies: 


and the spacecraft produced by the impact of one dust 
grain on the spacecraft surface writes: 

5V~VQ/C (2) 

where Q is the charge generated by the dust impact, C 
is the capacitance of the spacecraft surface and T the 
antenna gain (~ 0.4 in this case). The impact charge 
Q depends on the grain mass and speed with various 
relationships of the form Q ocm“ti^ with a ~ 1 and 
P 3 — 4.5. The coefficients depend on mass, speed, 
angle of incidence, as well as grain and target cq mpo- 
sition (jGoeller fc GrnenI 119891 iBnrchell et al.lll9^ and 
have not been m easured for either nano dust or v >70 

km/s (IAuei]l200lh. _ 

According to lMcBride fc McDonnelll (|1999f) , the charge 
released can be approximated by 

Q = 0.7mv^-^ (3) 

where m and v are respectively the mass and the speed 
of the grain. This method is then sensitive to massive 
dust particles and/or fast particles (speed higher than a 
few km/s) as the induced charge is strongly dependent 
on the speed. It is however not able to determine sep¬ 
arately the speed and the mass of the particles. Note 
that impact ionization yields of materials relevant for 
Cassin i have been reported for micro dust at speeds <40 
km/s (jCollette et al.l[20T^ . Extrapolating these results 
for nano dust impacting at several hundreds of km/s pro¬ 
duces charges of the same order of magnitude as Eq. 0. 

The power spectrum of pulses of amplitude (l2|) with 
impact rate unity is: 

U/, ~ 2{TQ/Cfu;-\1 + (4) 

where is t he pulse rise time an d >> I/lu the pulse 
decay time (jMever-Vernetl FTonbr i. When the rise time 
exceeds l/w, which occurs in low density plasma such as 
solar wind, the signal is then proportional to 

Vfi oc u}-* (5) 

Eor a cumulative distribution of the grain flux F[m) 
over a surface S, the expected power spectrum is 



dm 


dF{m) 

dm 


VUm) 


( 6 ) 


Tr < (3Q/(47ren))^/^/n_E (1) 


2.2. Plasma Wave Instrument onboard Cassini 


where Q is the charge of the plasma cloud, n is 
the ambient density and v f, is the expansion velocity 
(jMever-Vernet et al.ll2009al lbh. The electric signal mea¬ 
sured by the antennas can then be used as a diagnosis of 
the dust. This technique is very sensitive because of the 
large detection area and solid angle since the whole space¬ 
craft surface is the target. It was first developed to ana¬ 
lyze micro-dust at Saturn using the radio instrument on¬ 
board Vovager dA ubier et al.l 119831 iGurnett et al.l[T9^ 
iMever-Vernet et al.1 Il99b[) ~ and extended to fa s t nano 
dust detection at Jupiter (|Mever-Vernet et HI l2009a[) 
using the wave data f rom Cassini, and at 1 AU us¬ 
ing STEREO/ WAVES (iMever-yernet et al.ll2009E) and 
Cassini/RPWS (ISchiooers et al.ll2014li . 

The maximum voltage amplitude between one antenna 


The r adio and plasma wave instrument onboard 
Cassini (IGurnett et al.l[2003) is composed of five detec¬ 
tors connected to three 10m length electric antennas. 
The present analysis is mainly based on the High Ere- 
quency Receiver (HER) which acquires the power spec¬ 
tral density from 3.7 kHz to 16 MHz (in the present 
study we only use the lowest filter ranging up to 16 
kHz). We also analyze time series measured by the 
Five-Channel Waveform receiver which acquires wave¬ 
forms in passbands of either 1 to 26 Hz or 3 Hz to 2.5 
kHz. On Cassini, the antennas are positioned symmet¬ 
rically with respect to the spacecraft body, which means 
that we expect that measurement in ’’monopole” mode 
(when the potential is measured between one antenna 
and the spacecraft body) should be similar for all the 
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antennas (|Mever-Vernet et alJl20l4) . As a consequence, 
the voltage measured in ” dipole” mode (potential differ¬ 
ence between two antennas) should be negligible in the 
absence of other sources of electric field and of dust im¬ 
pact on one of the antennas. On Cassini, one of the 
antenna is always connected in monopole (w), while the 
two others antennas are either connected in monopole 
or dipole (u-v). In the present study, we will thus use 
the absence of signal in dipole mode to ensure that the 
data used are not contaminated by plasma and electro¬ 
magnetic waves and base the dust measurements on data 
acquired in monopole mode. 

3. DUST IDENTIFICATION AND FLUX 
CALCULATION 

3.1. Wave Dataset 

During its phase cruise to Saturn, the instruments on¬ 
board Cassini were turned on several times discussed in 
turn below. 

3.1.1. The ICO period: 1.6 AU 

From December 1998 to January 1999, the instruments 
underwent a commisioning phase (“ICO”). 

Figure [T^. displays the electric power density spectro¬ 
gram (PDS) in Irr? jHz acquired by the HFR receiver 
in monopole mode (w) on January 4 of 1999 between 
OOiOOUT and 18:00UT, when the spacecraft was at a he¬ 
liospheric distance of 1.56 AU. We observe 1) a contin¬ 
uous background noise at low frequency, due to the im¬ 
pact of the plasma on the spacecraft, and 2) a sporadic 
and bursty broadband signal. Figure [Ud shows the volt¬ 
age power spectral density at two different times on day 
1999-004: inside and outside a “burst” event. At 09:54:30 
UT (outside), the signal is well modeled by a power law 
oc typical of plasma (“shot” ) noise signature in both 
ampl itude and spectral index (|Mever-Vernet fc Perchd 
1198911 . At 10:07 UT, the voltage power is enhanced by 
two orders of magnitude, and the slope is steeper than 
the plasma background noise. We have superimposed 
two approximate models of dust impact power spectrum 
with Equation |4] and Equation [5l respectively in red and 
green. 

Figure [2] displays the electric field time series acquired 
by WFR in monopole mode the same day, at 10:06:34 
UT. We observe that: 

1. The signal displays a series of spikes typical of 
dust impact ionization. The complicated shape is 
expected to be produced by the electric field in¬ 
duced by the impact ions, the recollected electrons, 
and the finite charging time scale of the space¬ 
craft/antenna/receiver system. 

2. The amplitude of the electric field in the spike 6E = 
SV/L ~ 1 mV/m is consistent with the potential 
(Eq. [2]) produced by the impact of particles of a few 
nanometers at about the solar wind speed, (with 
L=10m, C=200pF, and the induced charge given 
by Eq. [S]). 

3. The occurrence of the spikes is consistent with the 
flux on the spacecraft surface S ~ 15m^ of in- 
terplan etary nano grain predicted by extrapolat¬ 
ing the lGriin et al.l (|1993f) model to the sub-micron 


size range using the collisional fragmentation law 
F{m) oc . 

3.1.2. Near Earth’s orbit: 1 AU 

From August 15 and September 15 of 1999, the 
Cassini instruments were tu rned on during the E arth 
flyby (19 September 1999). iSchippers et al.l (|2014D re¬ 
ported the first nano dust detection at about 1 AU 
with Cassini using RPWS/HFR data during this period, 
whose results confirmed th e STEREO observations by 
iMever-Vernet et ^ (l2009b[i . 

3.1.3. In the asteroid belt: 2.9 AU 

Between February 23 and March 3 of year 2000, the 
radio instrument was turned on again. Cassini space¬ 
craft was then around 2.9 AU, within the Asteroid belt. 
Figures[TJ: and d display the same information as in Fig¬ 
ures [I^ and b for day 27 of February 2000. In this data 
sample, we observe that 

1. the plasma noise level (proportional to the plasma 
density) is smaller than in Figure [TJ) by a factor 
of about 3, equal to the the solar wind density de¬ 
crease between 1.6 and 2.9 AU, 

2. the dust noise intensity is extremely variable, 

3. the dust noise is closer to the power law model. 
This last point is consistent with the first since the 
rise time (Equation [T|) is expected to increase as 
the local plasma density decreases. 

3.1.4. Beyond the asteroid belt up to Jupiter’s orbit 

Before Cassini reached its closer position to Jupiter (30 
december 2000), the instrument was turned on for about 
four months. During this period the RPWS/HFR mode 
was however not adequate to detect nanograin impacts 
because at closer distance to the planets, the instrument 
configuration was adapted in order to measure planetary 
radioemissions at a high rate. For doing so, the integra¬ 
tion time At was set to a value four times smaller than 
during the previous period. Since the receiver averages 
the spectral density over the integration time, grain de¬ 
tection requires that the impact rate be high enough to 
ensure at least one impact during this time. 

Unfortunately, At then becomes so small that during 
this period, virtually no nanograin can impact the space¬ 
craft surface except if the flux is much greater than the 
model (black line in Figure 5). Indeed, with a cumula¬ 
tive flux oc the maximum mass impacting during 

At, given by F{mmax)SAt ~ 1, is smaller than that of 
1 nm-grains. A possible explanation for the lack of sub¬ 
nanometer grains is that the electric field at the grain 
surface becomes so high that the electrostatic stress can 
exceed the maximum grain cohesion strength, causing 
the grain’s explosion (jMever-Vernet et al.ll2015f ). 

3.2. The high energy particle detector discharge issue 

During the early missi on, the Magnetosphe ric Imag¬ 
ing Instrument (MIMI) (|Krimigis et al.l [^0041) onboard 
Cassini reported an issue: discharges of the Imaging 
Neutral Camera (INCA), possibly triggered by dust im¬ 
pacts and/or s unlight shining on the charged particle re¬ 
jection plates (ISchippers et al.l [201411 . These discharges 
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were thought to be produced by the negative high volt¬ 
age applied to the plates. Evidence was found that 
RPWS data were contamina ted by MIMI/INCA dis¬ 
charges (jSchipDers et al.l[2014[l . A discharge monitor was 
incorporated in the MIMI instrument to identify and dis¬ 
card the corrupted data. It takes into account a couple of 
noise indicators identifiable in a few control parameters 
of INCA. Using this device led us to remove short time 
intervals possibly affected by contamination by these dis¬ 
charges. This type of contamination was strongly re¬ 
duced after the MIMI instrument team decided to turn 
off the negative voltage mode on day 13 of 2001. 


3.3. Nanodust Flux determination 

To calculate the flux of nano particles from the mea¬ 
sured power spectral density from Equation (jH]), we need: 

1. To assume a power index for the distribution func¬ 
tion F{m). Here we choose the low mass ex- 
trapolation of th e interplanetary dust model by 
iGriin et ^ ()198,^ . which yields the cumulative dis¬ 
tribution 

F{m) = Fom-®/® (7) 

In that case, Equations and m lead to: 

U/ 0.7S{T/CTr)WFomy!ju;^ (8) 

where S is the spacecraft surface (~ 15 m^), mmin 
and nrimax are the minimum and maximum de¬ 
tected mass in kg, v is the speed in km/s, and the 
approximation ([5]) is valid for uiTr >> 1. 


2. To consider the speed of the grain particles Vd. Nu¬ 
merical simulations show that farther than 1 AU, 
grains of radius smaller than about 10 nm are ac¬ 
celerated at a speed close to 


Vd = 


(Vsw X B) X B 


(9) 


where Vgw is the solar wind speed and B is the 
interplanetary magnetic fie ld ([ ^echowski fc MannI 
120121 : IMever-Vernet et al.l 120151) . According to 
Equation ®, we estimate a nano grain impact 
speed of 360 km/s at 1.6 AU and 450 km/s at 2.9 
AU. 


At each time, we calculate the flux Fq by equat- 
ing the expression (8) to the measured spectral power 
(|Schippers et al.l[2014D . In order to eliminate the contri¬ 
butions of discharges, radio and plasma emissions, and 
plasma quasi-thermal noise, we have carefully selected 
the times when the following conditions are met: 

1) MIMI/INCA indicators do not show evidence of the 
presence of discharges (from Section 3.2), 

2) the average index of the power law adjusted to the 
measured spectrum lies between —2.2 and —4, as ex¬ 
pected for dust impacts (from Section 2.1), 

3) the level of the three monopoles are similar (within 
50%) when they are available (|Mever-Vernet et ^ 
l2009al) as expected for pulses in spacecraft potential, and 
(4) the ratio between the measurements in monopole and 
dipole mode is greater than a factor of 3. This condition 
enables us to eliminate contributions from plasma wave 
electric fields. 


The flux calculation and criteria were applied on the 
data acquired during the Cassini ICO period (January 
4 of 1999) and the asteroid belt crossing (Feb 23 of 
2000 - Mar 3 of 2000). Figure [3^ displays the power 
spectral density for asteroid belt crossing. The cor¬ 
responding normalized flux Fq is plotted in Figure Et* 
with black crosses with the discharge intervals indi¬ 
cated in grey vertical lines. The horizontal line rep¬ 
resents the flux Fq averaged on the whole time inter¬ 
val. Figure displays the histogram of the flux val¬ 
ues. It shows a gaussian distribution around Eg ~ 
2Q-i8.75±o.23j.j^-2g-i^^5/6^ with a slight excess towards 
large values. Note the lack of data points in the low 
flux part of the distribution which is expected to be due 
to the threshold effect of the criteria described above 
and to the small integration time At. The average nor¬ 
malized flux calculated from data acquired at 1.6 AU 
is Eg ~ w hereas the aver- 

age normalized flux determined at 1 AU (ISchippers et al.l 
[Ml is Eg ~ 

4. RADIAL DISTRIBUTION OF NANO DUST IN 
THE HELIOSPHERE AND DISCUSSION 

Figure 2] displays the intervals when the instrument 
was on and able to detect nano dust because the integra¬ 
tion time was large enough (marked in green) and when 
it exhibits nano dust signatures (marked in red). One 
sees that nano dust is observed whenever the instrument 
is capable of detecting them. 

Our determination of the nano dust flux at three 
Cassini positions (1, 1.6 and 2.9 AU) in the solar wind 
with Cassini gives for the first time an estimate of the 
nano flux radial distribution and hints about the dynam¬ 
ics in the inner heliosphere. In Figured we display the 
cumulative nano dust flux deduced from the data for par¬ 
ticles of mass 10“^°kg at the three positions (in red); the 
solid vertical extension of the bars corresponds to the 
mean flux value ±lcr and the dotted bars range from the 
mean flux ±3 (t. The superimposed black solid line rep¬ 
resents a r“^ power law model starting f rom the cumula¬ 
tive fl ux at I AU, Fia( 7 , determined bv ISchippers et ah! 
(|20I4D at m=10“^°fc5. The other symbols denote mea¬ 
surements close to Jupiter. 

The crosses, triangles and diamonds show data from 
the Cosmic dust an alyzer aboard Ulysses and Calileo 
([Kriiger et al.l 120061). whereas the square stems from 
Cassini/RPWS (|Mever-Vernet et al']l2009al) . The color 
code refers to the distance of the spacecraft with respect 
to Jupiter. These measurements around 5 AU were at- 
tributed to high-velocity dust streams ejected by Jupite r 
(|Crun et al.lll993l : iCrun et aI1ll996l : iKrhger et al.ll2006l) . 

Various observations by dust detectors onboard Ulysses, 
Calileo and Cassini during spacecraft enco unters with 
Jupiter together with tr ajectory simulations (|Zook et al.l 
II996I : ICraps et al.ll2001l) have shown a grain size of about 
5-10 nm (i.e. mass ~ 10“^^-10“^°kg) with a speed of 
200-450 km s“^. 

Our result reveals that: 

• The nano dust appear ubiquitous in the interplan¬ 
etary medium at least near the ecliptic between 1 
and 5 AU. 

• The interplanetary nano dust flux decreases out- 










































Nanodust through the heliosphere measured by Cassini 


5 


wards suggesting production in the innermost 
heliosphere, inside Earth’s orbit, different from 
the timely and spatially limited sources such as 
comet and planet s. This result is consistent with 
iMann et alJ (j2007[ l who suggested the existence of a 
trapping/source region for the nano dust very close 
to the Sun (0.2 AU), picke d-up and accelerated 
by the magnetized solar wind (IC zechows ki fc Maiml 
120101 |20 iM IMann fc Czechowskill20llb 

• The observations confirm that the interplanetary 
nano dust flux follows a power law trend close to 
r“^ outwards of 1 AU. This variation was expected 
since the mean velocity of the particles is expected 
to change relatively weakly after they have been 
accelerated close to the solar wind drift velocity, so 
that the flux conservation yields a decrease in pro¬ 
portion of the inverse squared heliocentric distance. 
This result is consi stent with numerical simulations 
(|Belheouanel I20l4) of nano dust dynamics. Fig¬ 
ure [5] shows the result of numerical simulations of 
the nano dust dynamics for a source located in the 
inner heliosphere at 0.2 AU (jMann fc Czechowskil 
12012(1 . The dashed and dotted lines correspond to 
an inclination of the interplanetary current sheet 
of 70° (as observed in 1999-2001) for two differ¬ 
ent polarity orientations of the magnetic field: the 
dashed line corresponds to a focusing electric field 
V X B (i.e. pointing to the heliospheric current 
sheet) and the dotted line corresponds to a defo- 
cusing electric field (i.e. pointing away from the 
current sheet). We observe that the simulated flux 
radial dependence is very close to the power 
law model displayed with a black solid line. 

• The inner heliospheric source produces the main 
contribution to the nano dust flux within 5 AU, 
except very close to Jupiter. The asteroid belt con¬ 
tribution appears to be negligible. Note in partic¬ 
ular that Cassini was located more than 100° away 
from the dwarf planet Ceres (iKfippers et al.l[20141 
so that we were not able to quantify its produc¬ 


tion/contribution. 

• Closer than 2 AU from Jupiter, the flux is much 
higher, correspon ding to the nano dust streams 
of Jovian origin (jZook et al.l Il996li . the domi- 
nant source of na no dust in the planet’s vicinity 
(|Graps et aT]|2000D . 

5. CONCLUSION 

We analyzed the radio and wave data onboard Cassini 
from 1997 to 2001 (first part of its cruise phase) to iden¬ 
tify nano dust signatures in the interplanetary medium. 
While the instrument and the operating modes were not 
defined for this purpose, evidence for nano dust was ob¬ 
served whenever the instrument was turned on with a 
time integration large enough to enable dust detection. 
This took place during a few weeks around at three dif¬ 
ferent heliospheric distances: 1 AU, 1.6 AU and 2.9 AU. 
The observed flux distribution is consistent with nano 
dust produc e d in t he inner heliosphere as suggested by 
IMann et al.l (|2007D . picked-up by the magnetized solar 
wind and fi l ling the heliosphere (ICzechowski fc MannI 
1201(1 120121 : IMann fc Czechowskil I2O120 . This study 
presents the first results on nano dust detection on a 
large radial distance range in the interplanetary medium, 
obtained serendipitously by a single spacecraft during 
its phase cruise . The spatial coverage of the results is 
however limited due to operating modes that were not 
adapted to the nano dust detection. Incidentally this 
shows the importance of the data acquired during mis¬ 
sion cruise phases. 

The data are from the RPWS/HER receiver of Cassini 
and are hosted in LESIA, Observatory of Paris. We ac¬ 
knowledge B. Cecconi for his assistance in providing the 
data. The research at LESIA (Observatory of Paris) is 
supported by the CNES (Centre National d’Etudes Spa- 
tiales) agency. The research at the University of Iowa 
was supported by NASA through contract 1415150 with 
the Jet Propulsion Laboratory. 
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Fig. 1.— Panel a: Electric Power spectral density as a function of frequency and time on day 004 of 1999 between 00:00 and 18:00 UT 
acquired with the antenna Z in monopole mode. Panel b: Voltage power spectral density spectra at 09:54UT and 10:07UT, in solid and 
dashed lines respectively. Three power spectral density models are superimposed: 1) the dust impact model: oc (in 

red); 2) the dust impact model with Tr >> 1/w: oc !jJ~^ (in green); and 3) the plasma noise model: oc (in blue). Panel c and 

d: Same as Panel a and b on day 058 of 2000 between 00:00UT and 10:00UT. 
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Fig. 2.— Electric field time series acquired by the RPWS/Wav eform receiver (WFR) on Jan 4 of 1999 on monopole w. The signal displays 
spiky signatures typical of nano dust impacts on the spacecraft ^Zaslavskv et al1l2012ll . 
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Fig. 3.— Panel a: RPWS/HFR spectrogram of electric field below 200 kHz between Feb 23 and Mar 03 of 2000. Panel b: Normalized 
nanodust flux Fq calculated by equating the th eoretical power spectra model expected for a dust mass distribution flux F=Fo^~^^^ from 
dust collisional fragmentation d Dohnanvil 1 1 96gtl and the measured power Vj at 10 kHz. Grey vertical lines indicate time intervals when 
MIMI/INCA discharges were identified (discarded from our dataset). Panel c: Histogram of Fq for the full time interval. 
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(b) 


X 

E 




Heliospheric distance (AU) 


Fig. 4.— Panel a: Cassini trajectory (black solid line) with periods when RPWS/HFR detector was able to detect dust (in green) and 
when we actually observe nanodust (in red). Wit h Cassini, we were able to identify na nodust whenever the instrum ent could measure them: 
after Earth flyby at 1 AU JSchippers et al.ll2014l) (confirmation of STEREO results bv IMever-Vernet et al.l ll2009bli . at 1.56 AU [this paper], 
at 2.9 AU [this paper] and 5 AU JMever-Vernet et al.ll2009alb Panel b: Radial dependence of nanodust flux with mass=10“^^kg. Cassini 
measurements (except at 5 AU) appear to follow the decreasing trend oc (solid black line) predicted by simulations (see Figure (Sj. At 5 
AU, we superimpos ed measurements fr om [KrugeiEeUal] <[200^ ) obta ined with Galileo and Ulyss es. The references [K2006], [MV2009] and 
[Sch2014] stand for lKriiger et al.l II2006I) . [Meyer- Vernet et al.l 112009^) and lSchippers et al.l ll2014|j respectively. 
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Fig. 5.— Simulation of nanodust flux distribution across the heliosphere for a dust source located near 0.2 AU, in focusing and defocusing 
electric field configuration (respectively pointing towards and away from the current sheet). Dust flux radial dependence is very close to 
the power law 1/r^ (solid line). 





